
NATURE GEOSCIENCE | VOL 7 | JANUARY 2014 | www.nature.com/naturegeoscience 3

correspondence

9. Hecht, M. W. & Smith, R. D. Geophys. Monogr. Series 
177, 213–239 (American Geophysical Union, 2008)

10. Cabanes, C., Lee, T. & Fu, L. L. J. Phys. Oceanogr. 
38, 467–480 (2008).

11. Shaffrey, L. C. et al. J. Clim. 22, 1861–1896 (2009).
12. Smith, D. M. & Murphy, J. M. J. Geophys. Res. 112, C02022 (2007).

Acknowledgments
We thank the RAPID science team for making the 
RAPID-MOCHA observations available (www.rapid.ac.uk/
rapidmoc/). The EN3 data set was downloaded from 

the Met Office (http://www.metoffice.gov.uk/hadobs/). 
Thanks also to D. Smith for making the Smith and 
Murphy analysis available, and L. Shaffrey and the 
HiGEM project (http://higem.nerc.ac.uk/) for use of the 
HiGEM data. J.R. was supported by the the BNP-Paribas 
Foundation through the PRECLIDE project under the 
CNRS research convention agreement no. 30023488, 
and through the European Community’s 7th Framework 
Programme through SPECS. D.H., E.H. and R.S. were 
supported by NERC through the National Centre for 
Atmospheric Science.

Additional information
Supplementary information accompanies this paper on 
www.nature.com/naturegeoscience.

Jon Robson*, Dan Hodson, Ed Hawkins and 
Rowan Sutton
NCAS Climate, Department of Meteorology, 
University of Reading, Reading, RG6 6BB, UK. 
*e-mail: j.i.robson@reading.ac.uk

To the Editor — In a recent Commentary, 
Obersteiner and colleagues1 correctly 
highlight the conflicting priorities 
of phosphorus-producing nations, 
rich phosphorus-consuming nations, 
and poor nations that continue to 
manage soils under severe phosphorus 
deficiency. We agree with their point 
that a reduction in phosphorus 
wastage in the developed world, where 
phosphate waste streams are largest2, 
offers significant opportunities for 
phosphorus recycling — which, in turn, 
could ultimately make phosphorus 
more affordable for everyone. We argue, 
however, that developing countries that 
lack mineable phosphorus reserves could 
achieve greater autonomy by recycling 
the phosphorus contained in agricultural 
waste products.

One insufficiently explored example 
in this respect is the phosphorous 
stored in animal bones. Animal bone 
products (derived from the grinding or 
thermal treatment of raw bone) contain 
a greater concentration of plant-available 
phosphorus than commercial phosphate 
rock fertilizer3,4. For instance, between 2008 
and 2011 the livestock herd in Ethiopia 
comprised more than 50 million cattle, 
23 million sheep and 22 million goats5, 
and would have yielded approximately 
192,000 to 330,000 tonnes of bone waste 
annually6 (Table 1). Recycling of these 
bones would have yielded around 28 to 
58% of annual phosphorus fertilizer 
supplies to Ethiopia over the same period7. 
Importing an equivalent amount of 
phosphorus fertilizer costs approximately 
US$ 50 to 104 million.

Taking the Ethiopian livestock herd 
as an example, we argue that developing 
countries already have access to an 
indigenous supply of phosphate fertilizer, 
in the form of organic waste products. We 
suggest that by tapping into this resource, 
these countries can secure a significant 
fraction of their phosphorus demands 
without relying on international markets or 
the benevolence of rich countries. ❐
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Table 1 | Total phosphorus in annual bone residues from slaughtered animals in Ethiopia.

  Total no.  
of animals5

Bone mass6  
(kg per animal)

% of animals 
slaughtered (per year)

Bone residues 
(tonnes per year)

Total phosphorus 
(tonnes per year)

Cattle 50,283,000 20–30 16–17 160,908–256,447 -
Sheep 23,642,000 4–5 19–34 17,968–40,192 -
Goats 22,070,000 4–5 15–30 13,242–33,106 -
TOTAL 95,995,000 - - 192,118–329,744 17,279–36,272

Averages of total phosphorus from 2008–2011; average phosphorus concentration in bones of 9–11% (taken from ref. 8).
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